Water, sanitation, and hygiene (WASH) : efficacious, simple, well-timed, community-driven, link relief and development, and address barriers and facilitators to use with communities. 
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Waterlines Vol. 37 No. 1 (Smith et al., 2014) . these increases are attributed to microbial adaption of pathogens, changing human susceptibility, climate change, changing human demographics, economic development, breakdowns in public health, war, famine, poverty, and social inequality. in low-and middle-income countries (LMic), cholera, ebola virus disease (ebola), and hepatitis e are outbreaks of current concern. the number of cholera cases is increasing globally, and currently there are more than 2.8 million cholera cases that led to more than 90,000 deaths worldwide (Ali et al., 2012; WHo, 2016a; Gaffga et al., 2007) . the West African ebola outbreak that began in 2014 was unprecedented in scale, impacting the entire global community with 28,626 cases and 11,323 deaths (WHo, 2016c) . Hepatitis e can cause acute liver failure, particularly in pregnant women, and currently causes 70,000 deaths and 3,000 stillbirths annually (rein et al., 2012) . Hepatitis e outbreaks have recently become more common in displacement camps (boccia et al., 2006; Hakim et al., 2016) .
Water, sanitation, and hygiene (WASH) interventions play a critical role in preventing disease outbreaks by breaking transmission routes. More specifically, WASH interventions can prevent and control outbreaks of waterborne diseases, diseases transmitted through the faecal-oral route (i.e. cholera and hepatitis e), and diseases transmitted by direct contact (i.e. ebola) (Sphere Project, 2011; JMP, 2014; Watson et al., 2007) . Water interventions aim to increase water quantity and/or improve water quality; sanitation interventions aim to isolate faeces from the environment; hygiene interventions aim to prevent transmission through hands, and more broadly, promote awareness among affected populations on the disease and equip these populations to act; and environmental hygiene interventions reduce risks by disinfecting household objects or reducing environmental transmission risks, for example by managing rubbish. WASH interventions in outbreaks are not necessarily intended to provide long-term sustainable access, but instead provide rapid relief to minimize the impact or spread of disease (Sphere Project, 2011) . in addition to the three diseases detailed above, hepatitis A, acute (watery) diarrhoea, typhoid, and dysentery (shigellosis) are also diseases of current concern that can be prevented or controlled by WASH interventions.
WASH interventions are commonly implemented as part of outbreak response activities by united nations (un) agencies, local governments, and emergency responders. While the ability of WASH interventions to disrupt disease transmission is well established through laboratory experiments and development contexts, there is little evidence on the effectiveness in outbreak and humanitarian emergency situations (blanchet et al., 2013; ramesh et al., 2015; brown et al., 2012; taylor et al., 2015) . establishing an evidence-base is challenging in outbreak and emergency situations because responders prioritize response activities over research, in addition to the inherent difficulty of using rigorous research methods in unstable outbreak and emergency settings (Spiegel et al., 2007) . responders also note there is a lack of technical knowledge related to data collection, lack of personnel to collect data, and lack of clear goals for how to use the information that is collected (Vujcic et al., 2015) . While randomized control trials (rcts) are robust evaluation designs and considered the 'gold standard' for health research, conducting rcts in emergencies is hindered by the complex and dynamic conditions (Mayne, 2011; Victora et al., 2004) . Less robust, higher bias, and more flexible evaluation designs -such as cross-sectional evaluations -are more often used in emergencies by responding agencies, but challenge the term evidence considering the high likelihood of bias. in 2015, a systematic review on the efficacy of WASH interventions for cholera response (taylor et al., 2015) and another on the health impact of WASH interventions in emergencies (ramesh et al., 2015) concluded that there is a lack of data to establish firm evidence for implementing WASH interventions in outbreaks and emergencies. As taylor et al. (2015) only included published studies and ramesh et al. (2015) only included manuscripts documenting health impacts, neither review included the most prominent information sources or variety of evaluation methods and outcomes available for WASH interventions in outbreak contexts. ideally, a synthesis of WASH evidence would include both published and grey literature, as well as quantitative and qualitative information on outcomes, impacts, and influencing contextual factors that contribute to programme effectiveness, in order to fully encompass the evidence base (brown et al., 2012) .
Objectives the objective of this systematic review was to assess the outcomes and impacts of WASH interventions during disease outbreaks in LMic. by including both published and grey literature, the aim was to investigate a broader set of contextual factors that may shape intervention effectiveness. We intended to address four specific research objectives in WASH interventions during outbreak response:
1. What are the health impacts of WASH interventions in disease outbreaks? 2. What are important WASH programme design and implementation characteristics in disease outbreaks? 3. What is the cost-effectiveness of WASH interventions in emergency outbreak situations? 4. What are the population-related barriers and facilitators that affect WASH interventions in disease outbreaks?
Methods
to address these research questions, we conducted a systematic review of published and grey literature, including development of: 1) theory of change models; 2) search strategy; 3) inclusion criteria; 4) selection and processing strategy; 5) quality of evidence appraisal; and 6) analysis plan. Please note that efforts were made to follow the protocol and procedures with standard systematic review procedures outlined by the cochrane review (Higgins and Green, 2011) , including the Preferred reporting items for Systematic reviews and Meta-Analyses (PriSMA) checklist; however, due to the acceptance of low-quality manuscripts, grey literature, and the wide variety of outcome measures beyond health outcomes, strict adherence to these procedures was not appropriate. the full systematic review protocol was peer-reviewed and made publicly available before conducting the review (Yates et al., 2015a) . each step of the systematic review process is summarized below.
Theory of change model development
A theory of change model was developed for each WASH intervention to describe the theoretical route from intervention activities to outputs, outcomes, and impacts, while also identifying influencing factors and assumptions. We developed a model for each of the eight WASH activities anticipated in the review: increasing access to water, source-based water treatment, household water treatment (HWt), temporary or permanent latrines, latrine alternatives, hygiene promotion (including handwashing), distribution of soap and/or hygiene materials/kits, and environmental hygiene. theory of change diagrams for each intervention can be found in the protocol (Yates et al., 2015a) .
Search strategy
A search strategy was developed to identify published and unpublished grey literature. individualized search terms and strings were developed for each of the eight WASH interventions from their associated theory of change, and included keywords and outcome and impact measures specific to that intervention. the search strings were used in a total of nine peer-reviewed databases and 10 searches, in english (7), French (2), and english/Spanish (1) including: cochrane Library, Google Scholar, ideAS, LiLAcs, ovid Medline (PubMed), Scopus, Web of Science, Academic Search Premier (english and French), and ArticleFirst. Searching took place in november and december 2015, and was re-run in September 2016. Six journals identified as most likely to have relevant research and reference lists of included evaluations and reviews identified in the searches were screened by hand. responder websites were also searched with keywords, including: non-governmental organizations (nGo), un, and other relevant websites. Additionally, solicitation for relevant documents was carried out through email and personal contacts. requests for information were sent to the international community via the Global WASH cluster in September 2015 and February 2016, and to the international network on Household Water treatment and Safe Storage in September 2015. overall, more than 75 organizations were contacted through email. Personal solicitations, online posts, and international conferences were also used to collect relevant information.
Inclusion criteria
inclusion criteria were established according to the populations, interventions, comparisons, outcomes, and study types (PicoS) framework (Yates et al., 2015a) .
Populations. All age, gender, and socioeconomic populations in LMic were eligible for inclusion. Populations must have also been affected by an outbreak of: cholera, ebola, hepatitis e, hepatitis A, acute (watery) diarrhoea, typhoid, or dysentery (shigellosis). An outbreak was defined in accordance with WHo definitions (WHo, 2016b Study types. experimental, quasi-experimental, non-experimental, mixed-methods, and qualitative methodological study type designs were eligible for review.
dates for inclusion were 1995-2016. both peer-reviewed and unpublished grey literature documents were eligible. Personal blogs, diaries, newspaper articles, magazine articles, website postings, poster abstracts, and legal proceedings/court documents were not included. review documents were not included, but individual references in review documents were screened for inclusion.
Selection and processing
identified studies were screened first by titles, then by abstracts and then by full texts. From abstract to final inclusion, studies were independently double screened by two of the authors. Any discrepancies were discussed with a third author for final decision. throughout the screening process, references were managed with endnote X7 (new York, nY, uSA) and Microsoft excel 2010 (redmond, WA, uSA) . data collection was completed with a detailed coding sheet using Microsoft excel 2010, and included author and publication details, type of intervention, context of the intervention, study design, study quality, effect estimation, outcomes and impacts, and barriers and facilitators to implementation. data collection was completed and double screened by four research assistants.
Quality of evidence
each included evaluation was assessed for the potential risk of bias. For quantitative studies, the bias assessment tool was based on the Cochrane Handbook 'risk of bias' tool and adjusted similarly to baird et al. (2013) Green, 2008, baird et al., 2013) . the risk of bias was assessed through five categories: selection and confounding; spillover effects and contamination; incomplete outcome; selective reporting; and other risks of bias. For qualitative studies, four appraisal categories were adapted from Spencer et al. (2003) : design; bias; data collection; and clarity of findings. each category was scored as 'low risk', 'high risk', or 'unclear'. the summary risk of bias for a study was based on the number of 'low risk' assessments across the four or five categories depending on research design. to establish the summary quality of evidence from multiple studies of varying qualities and study designs for each WASH intervention, a protocol was developed based on the Grading of recommendations Assessment, development and evaluation (GrAde) of evidence outlined in cochrane review Standards (Higgins and Green, 2011) . the baseline was determined by the study design of the evaluation, then downgraded or upgraded considering biases, effect size, consistency, and generalizability. the summary of evidence was then described through four categories (oxman and GrAde Working Group, 2004) : high evidence as further research is very unlikely to change confidence in the estimate of effect or accuracy; moderate evidence as further research is likely to have an important impact on confidence in the estimate of effect or accuracy and may change the estimate; low evidence as further research is very likely to change the estimate; and very low evidence as any estimate of effect or accuracy is very uncertain.
Analysis plan
considerations for missing data and meta-analysis techniques were described in the protocol; however, the low-quality research designs identified and included in the review undermined the relevance of meta-analysis and therefore most contingency measures were not utilized. Formal heterogeneity analysis with i 2 could not be completed, as reported outcomes were too different for direct comparison. A narrative synthesis approach was used to summarize the information gathered. A summary of all included evaluations is first presented with descriptions of outbreaks by country, disease type, intervention type, published or grey literature, risk of bias assessment, and evaluation methodology. then, for each WASH intervention, a description of the intervention is presented, followed by information on the number of studies identified, risk of bias, outcomes and impacts, and summary of evidence. results were summarized in general tables, described with an evidence map then stratified by objective.
Please note that based on included evaluations, the original eight WASH intervention categories were modified to 10 categories: well disinfection, source-based treatment, household water treatment with chlorine-based options, household water treatment with other options, community-driven sanitation, hygiene promotion, social mobilization, hygiene kit distribution, jerrican disinfection, and WASH package (a term for when multiple interventions were delivered in the same response). Results overall, 15,026 documents were identified in the systematic review process. After applying the three selection filters, 47 studies describing 51 evaluations were included ( Figure 1 ). each included study is detailed in the full report (Yates et al., 2017) .
the included evaluations described WASH interventions in 19 countries, with the highest frequency of evaluations from Zimbabwe (8/51, 16 per cent) and Haiti (7/51, 14 per cent). cholera was the most researched and discussed disease, representing 86 per cent (44/51) of the diseases responded to in the included evaluations; ebola (2/51, 4 per cent), acute watery diarrhoea (3/51, 6 per cent), shigellosis (1/51, 2 per cent), and typhoid fever (1/51, 2 per cent) accounted for the remainder of the diseases.
Water interventions represented the largest grouping of included evaluations (n = 22, 43 per cent), followed by hygiene (n = 15, 29 per cent) and WASH package (n = 12, 24 per cent). Sanitation-specific interventions were represented by two evaluations (4 per cent).
A near equal number of evaluations were identified from the peer-reviewed (26/51, 51 per cent) and grey literature (25/51, 49 per cent). Most evaluations (38/51, 70 per cent) had a high risk of bias ( Figure 2 ). the quantitative studies were mostly completed on water interventions, were more likely to be in the peer-reviewed literature, and had less risk of bias. For example, 47 per cent of published water evaluations had a low risk of bias (9/19), while 4 per cent (2/32) of the other interventions had a low risk of bias result. the WASH package evaluations were primarily field commentaries in the unpublished grey literature, with a high risk of bias. overall, 14 per cent of the included studies (7/51) had a control group and less than 4 per cent (2/51) were rcts. Health impacts were measured in 12 per cent (6/51) of the evaluations; a measure of use was evaluated most frequently for HWt interventions (31 per cent, 16/51).
Results by intervention
Well disinfection. A common outbreak response intervention is to disinfect a contaminated well with chlorine, the objectives of which are to reduce microbiological contamination and/or maintain Fcr in the well. Five evaluations of high (3) and low (2) risk of bias were identified that described four slightly different approaches to well disinfection with chlorine (note two studies evaluated multiple methods): 1) a shock dose of liquid chlorine (bleach) added directly to the well; 2) pot chlorination where powdered chlorine, sand, and gravel in a pierced jerrican were inserted into wells, intended to slowly disperse chlorine and treat water over time; 3) pot chlorination with locally pressed chlorine tablets in a perforated container; and 4) floating pot chlorinator (commercial plastic devices used in swimming pools).
one-time shock chlorination did not provide Fcr protection for more than a few hours and did not reduce microbiological contamination. traditional pot chlorination inconsistently maintained measurable Fcr for 1-4 days. Floating pot chlorinators could be effective, but materials needed to be imported and required specialized tablets. Finally, in comparative evaluations, albeit with inconsistent methods, pressed HtH tablets with a pot chlorination approach maintained Fcr for 3-4 days and were the preferred mode of well disinfection by responders. Microbiological impact of treatments was not assessed. An important programmatic consideration identified was communication with community members, as: 1) well disinfection interventions were often perceived to maintain water safety for longer than it was actually maintained; and 2) communities unnecessarily doubled the chlorine dose by also treating water in the home with chlorine-based options.
Source-based treatment. Source-based treatment is water treatment that occurs at the point of collection. evaluations were identified in the review only for the intervention of chlorine dispensers; bucket chlorination, where a person is stationed near a water source and adds a dose of chlorine directly into the recipient's water collection container, was described as an activity but not evaluated. A chlorine dispenser programme includes hardware installed next to a water source that dispenses chlorine solution, a local promoter who refills the dispenser and conducts community education, and a supply chain of chlorine refills. users treat water by turning a valve that dispenses a controlled amount of chlorine solution into their water collection container. dispensers were used in three different cholera contexts, Haiti, Sierra Leone, and democratic republic of congo (drc), with three different responders presented in one low risk of bias manuscript (Yates et al., 2015b) . results varied over two acute evaluations (2-8 weeks after installation) and three sustained evaluations (4-7 months after installation) for reported use (26-75 per cent acute, 31-75 per cent sustained), confirmed use (11-34 per cent acute, 5-18 per cent sustained), and effective use (10-28 per cent acute, 0-10 per cent sustained) metrics. Spillover effects from other water treatment options were present and helped to explain the results, as the local municipal water system in drc was functional in the sustained evaluation and 32 per cent of households in Haiti reported using chlorine tablets as an alternative treatment. With regression analysis of household survey data, factors consistently associated with higher use across contexts were: speaking to the promoter within the last month; and collecting water from a source with a dispenser. A fourth case study in the same evaluation was conducted in a non-outbreak situation, and had much higher results (>79 per cent reported use, confirmed use, and effective use in initial and sustained evaluations). the three implementing organizations gathered at project end and reflected on factors leading to success. these included: appropriate source selection; chlorine solution quality and supply chain; dispenser hardware installation and maintenance; integration into a larger WASH programme; promoter recruitment and remuneration; experienced programme staff; partnering with local organizations; conducting ongoing monitoring; and having a sustainability plan.
Household water treatment. HWt products (also called point-of-use water treatment products) are interventions used in the home to improve the microbiological quality of household drinking water. these may be distributed as a stand-alone intervention or included as one of several items in a hygiene kit. distributions also sometimes include hygiene promotion.
HWt was the most studied intervention, with 16 evaluations and a mixture of high, medium, and low risk of bias. For analysis, HWt interventions were separated by chlorine-based products (chlorine tablets, liquid chlorine, flocculant/disinfectants) and other products (filters, solar disinfection (SodiS), safe storage, and boiling). Please note several contexts included more than one HWt product.
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HWT: chlorine-based products. the most common HWt products distributed in emergencies were chlorine products; this was particularly true in cholera response, because they effectively inactivate most bacterial and viral pathogens, lead to residual protection, are low cost, and are easy to use and transport (Lantagne and clasen, 2012) . chlorine-based HWt products were separated into three sub-categories: chlorine tablets, liquid chlorine, and flocculant/disinfectants:
Chlorine tablets. Sodium dichloroisocyanurate chlorine tablets (e.g. Aquatabs®), used to treat 1-20 L of water, were evaluated in six contexts with mixed risk of bias. the distributed tablets (67-167 mg) were freely distributed through hygiene kits and intended to treat 10-20 L of water. the reported use ranged between 8 and 31 per cent (n = 5), while confirmed use ranged between 7 and 87 per cent (n = 6) with one noticeable outlier; without the outlier the range was 7-31 per cent (n = 5). effective use was identified in one study (5.3 per cent, n = 1). the taste and smell of chlorine tablets was reported as a barrier to use in five contexts within three countries (AcF, 2009; Lantagne and clasen, 2012; imanishi et al., 2014; ruiz-roman, 2009 ). overdosing may have led to strong smells/taste, as some beneficiaries did not have the appropriate water storage container for the tablet size distribution (imanishi et al., 2014; AcF, 2009) . knowing a HWt method before the outbreak and ease-of-use were indicators for use in Zimbabwe (imanishi et al., 2014) and nepal (Lantagne and clasen, 2012) .
Liquid chlorine. Small bottles of 1-1.25 per cent sodium hypochlorite (e.g. WaterGuard, sized so one cap treats 20 L of water) and commercial bleach (where the dosage is generally in drops) were evaluated in four contexts in three countries with mostly high risk of bias. reported use ranged between 20 and 88 per cent (n = 4), confirmed use ranged between 12 and 69 per cent (n = 3), and effective use was not assessed. Some of the heterogeneity could be explained by the active promotion of liquid chlorine before the outbreaks in the two studies with higher use rates in the drc (tokplo, 2015) and Madagascar (Mong et al., 2001) . cost to the beneficiary may explain the low use in Madagascar (dunston et al., 2001) as the free distribution of the same product had higher use rates in the same outbreak (Mong et al., 2001) . excessive dosing was observed in Madagascar (Fcr >3.5 mg/L) (Mong et al., 2001 ) and taste was noted as a hindrance to use in nepal (Lantagne and clasen, 2012) . Liquid chlorine was linked to long-term development approaches, including promotion (AcF, 2014b), cost-recovery and social marketing (dunston et al., 2001) , local production (date et al., 2013), and vouchers (AcF, 2014b). these development programme strategies were used with liquid chlorine programming, and not described in other HWt interventions. Liquid chlorine was also more regularly used in endemic situations, where responses can be scaling up existing ongoing development interventions.
Combination flocculant/disinfectants. Flocculant/disinfectant sachets (e.g. P&G Purifier of Water® 'Pur') are most often used to treat turbid water. users add the contents of one sachet to 10 L of water, stir for five minutes, wait five minutes for the solids to settle, filter the water through a cloth into a second bucket, and wait 20 minutes before drinking. Pur was measured in three evaluations; two were low risk of bias and one was high risk of bias. reported use ranged between 6 and 78 per cent (n = 2), while confirmed use ranged between 4 and 95 per cent (n = 2). effective use was measured in one evaluation at 2 per cent (n = 1). Household knowledge may explain some variability. High use was attributed to high knowledge of correct use in South Sudan and when households were also provided all materials necessary to use Pur at no cost, received extensive training, and were visited weekly in Liberia (AcF, 2014a; doocy and burnham, 2006) . on the other hand, in kenya, Pur was distributed through an nFi (non-food items) distribution with minimal promotion, resulting in only 2.3 per cent of households able to describe correct use; ultimately translating to similarly low reported use of 6 per cent and confirmed use of 4 per cent (Lantagne and clasen, 2012 HWT: other products. Fewer non-chlorine HWt interventions were identified in the review and all were implemented in non-acute endemic outbreak contexts. the quality of evaluation design was higher than that of chlorine or Pur studies, but was not generalizable to other contexts without multiple studies of the same intervention. other HWt products were separated into four sub-categories: filters, solar disinfection (SodiS), safe storage, and boiling.
Filters. in an endemic cholera area in bangladesh, two simple filters (a small nylon screen of 150 µm mesh size and a folded piece of sari cloth) were used in intervention groups and compared with a control group in a large, low bias evaluation (colwell et al., 2003) . More than 90 per cent of households reported following the filtering instructions, and cholera morbidity was reduced by approximately 40 per cent in both the nylon and sari cloth filter groups (nylon filter rr: 0.59; sari cloth rr: 0.52). in a follow-up medium bias study, reported use of the sari cloth filters was 35 per cent five years after intervention and the protective reduction in morbidity was also seen in neighbours of users (Huq et al., 2010) .
SODIS. SodiS was evaluated in one high risk of bias study in a development context in kenya that led into an outbreak evaluation when cholera began in the project area (conroy et al., 2001) . SodiS was effective at reducing self-reported diarrhoea rates by 88 per cent in children younger than six (or = 0.12; 95 per cent ci 0.02-0.65; p = 0.014), but impact was inconclusive with older children and adults.
Safe storage. two evaluations isolating safe water storage were identified in the review; both were low bias. the control group in the Pur evaluation in Liberia received jerricans, and this alone significantly reduced diarrhoea rates by 16 per cent from the preceding week (or = 0.84, 95 per cent ci 0.82-0.86) (doocy and burnham, 2006) . the second evaluation was from an 'improved bucket' intervention with a spout and a permanent partial lid preventing hands from entering the bucket (roberts et al., 2001) . diarrhoea rates were reduced by 31 per cent in children under 5 years and 8 per cent overall for the intervention group; however, neither reduction was statistically significant (p = 0.06 and p = 0.26). the community preferred the improved buckets to chlorination, as chlorine was associated with a bad taste and smell.
Boiling. only one high risk evaluation included in this review promoted boiling as a response intervention as part of a hygiene campaign for cholera in Guineabissau (einarsdbttir et al., 2001) . After the campaign, 40 per cent of households reported boiling water; however, 66 per cent reported using lemon to treat water, no households reported consistent use of either method, and no confirmed use evidence was collected.
overall, these less common HWt interventions were consistently reported to be simple, sustainable, and accepted by the communities. However, the overall evidence for each individual intervention is weak.
Sanitation. While latrine building was commonly listed as an activity, no evaluations of latrine building were identified in the review. Sanitation was indirectly addressed in evaluations of two community-driven interventions: one community led total sanitation (cLtS) which was shown to have significantly reduced cases of ebola (Meyer capps and njiru, 2015), and one participatory hygiene and sanitation transformation (PHASt) (Waterkeyn et al., 2005) . both intervention strategies aimed to educate and motivate communities to address their own needs with minimal external support.
Community-driven sanitation.
A cLtS programme in Liberia was implemented for five years before ebola erupted and the intervention continued throughout the outbreak. in a medium risk of bias study, households in villages that achieved 'open defecation free' status through cLtS were found to be 17 times less likely to have cases of ebola than non-cLtS communities (or = 0.06, p<0.001) (Meyer capps and njiru, 2015). Additionally, villages that were triggered by cLtS but had not yet achieved open defecation free status had eight times fewer ebola cases than communities not in the project (Waterkeyn et al., 2005) . A PHASt approach with community health clubs was trialled in the midst of a cholera outbreak in a ugandan internally displaced persons camp (Waterkeyn et al., 2005) . the evaluation was a high risk of bias field commentary, but reportedly reached more than 15,000 people while constructing more than 8,000 latrines and 6,000 bath shelters in less than four months. Group cohesion and peer pressure were noted as effective behaviour change mechanisms.
Hygiene. Hygiene messages educate affected populations on disease risks and transmission routes. often in emergencies, hygiene promotion is condensed to key messages, such as handwashing at critical times. Promotion can be at schools, in large community groups, or at the household level. Social mobilization includes strategies for engaging and facilitating communities to address identified risks with local solutions (e.g. cLtS as described above). there was no direct evaluation of hygiene practices identified for the review; however, there were eight evaluations of hygiene promotion and six social mobilization evaluations identified, although all were medium and high risk of bias.
Hygiene promotion. in five hygiene promotion evaluations, interpersonal communication was highlighted as positively received by beneficiaries (Williams et al., 2015; Matemo, 2014; contzen and Mosler, 2013; date et al., 2013; einarsdbttir et al., 2001; Wall and chéry, 2011) . Additionally, material demonstrations (i.e. instruction on HWt), visits by community health workers, and conversations with friends and family were consistently reported as positively received by beneficiaries. radio communication was also consistently preferred or trusted by communities. delivering simple, clear messages was a notable challenge in four studies. different and conflicting messages undermined the response in the Haiti cholera and Liberia ebola response (Wall and chéry, 2011; Meyer capps and njiru, 2015) . it was unclear if hearing a message on the radio translated to action or a realistic understanding of the local situation (Wall and chéry, 2011) . there were also noted difficulties with dialect differences (einarsdbttir et al., 2001 ) and errors in printed information (neseni and Guzha, 2009 ). other impacts from hygiene education included a reported decline in morbidity and diarrhoea rates (WHo, n.d.; Williams et al., 2015) , confirmed increase in HWt use (date et al., 2013) , and self-reported changes in behaviour by reducing physical contact (i.e. hugs, shaking hands) during a cholera outbreak (WHo).
Social mobilization. in a mix of research methods, including quantitative, qualitative, and field commentary, there were six medium and high risk of bias evaluations describing some version of social mobilization. compared with a purely educational campaign that is 'top-down', designed to deliver or extract information (contzen and Mosler, 2013) , community mobilization (engagement) approaches were reported to have positive impact on programmes by nGos: listening to communities, dispelling fears and stigmas, and learning how to adapt to the context. For example, a 'dialogue-based' approach by nGos led to an improved understanding of the community, leading to a better response as viewed by the community (Wall and chéry, 2011) . Moreover, stronger community relationships were also described in three of the social mobilization evaluations described with 'community ownership', 'trust', and 'group cohesion' (Wall and chéry, 2011; Waterkeyn et al., 2005; AcF, 2015) . Social mobilization was also qualitatively reported in high risk of bias studies to reduce disease transmission better than disease case management (AcF, 2015; rees-Gildea, 2013; neseni and Guzha, 2009) , while the cLtS programme in the Liberia ebola response (described above) had a strong and significant reduction in disease risk (Meyer capps and njiru, 2015) .
Hygiene kit distributions. the goal of most hygiene kit distributions was to deliver HWt products and/or support hygiene activities addressed in other intervention categories. Hygiene kit distributions were mentioned in 17 mixed risk of bias evaluations. HWt products, soap, and safe water storage containers were most commonly included in the kits. barriers and facilitators of hygiene kits were described throughout studies described within other interventions (e.g. HWt and WASH package below) most often noting the importance of pre-positioning and timely distribution of supplies (Simpson et al., 2009; deGabriele and Musa, 2009; neseni and Guzha, 2009; ruiz-roman, 2009; Lantagne and clasen, 2012; AcF, 2007 Environmental hygiene. environmental hygiene interventions were identified as jerrican disinfection and spraying household surfaces with a chlorine solution or disinfection kit distribution.
Jerrican disinfection. Jerrican disinfection was investigated in three high risk of bias evaluations, all in camp settings, and all assessed with no beneficiary input. All three jerrican cleaning methods were assessed to reduce disease risk with very weak evaluation methods. chlorine concentration reduction was noted in all three documents (Steele et al., 2008; Walden et al., 2005; roberts et al., 2001) . one-time disinfection did not have a long-term impact on recontamination.
Household spraying. Household spraying was mentioned as an activity in five documents but not evaluated (neseni and Guzha, 2009; Gauthier, 2014; Grayel, 2011 Grayel, , 2014 dunoyer and Sudre, 2012) ). A known outbreak activity, household or community spraying was noted to have several potential drawbacks such as stigmatizing households, limited resource availability, a false sense of protection, and limited impact considering 80-85 per cent of people infected with cholera are asymptomatic (Grayel, 2011) . Household spraying is currently not recommended for responders to carry out by the uniceF cholera toolkit (uniceF, 2013) ; however, it is recommended that families should thoroughly clean the house with soap and chlorine solution. other environmental hygiene evaluations were few in number and are not described herein. in an example from the ebola response in West Africa, household spraying was described as 'incomplete' and likely ineffective (nielsen et al., 2015) . in alignment with the uniceF recommendations, an nGo provided family members of cholera patients with household disinfection kits during the cholera outbreak in Haiti. After a group hygiene session, kits were given to the patient or caretaker, including: 0.5-1 kg of soap, a 14 L bucket, a 10 L jerrican, 3.8 L of bleach, a cloth, a scrubbing brush and an instruction book (Gartley et al., 2013) . Self-reported use of hygiene kit contents was high (>90 per cent) in a high risk of bias evaluation.
WASH package. WASH interventions are regularly implemented in combination to address multiple possible transmission routes and provide comprehensive protection to beneficiaries. overall, 13 WASH package evaluations from eight countries were identified in this review; all 13 were high risk of bias grey literature documents, with 11 field commentary documents. Well rehabilitation, nFi kit distributions, and hygiene promotion were the most frequently included individual interventions in these WASH package interventions; meanwhile water trucking was slightly less common and sanitation was rarely present -mirroring the findings above. these qualitative field commentaries had a high risk of bias but consistent descriptions of anecdotal health impacts and non-health behaviour change impacts. expert staffing and rapid response timing were consistently identified as critical factors for programme success.
Cost-effectiveness. cost-effectiveness and economic outcomes could not be assessed. only cost-related outcomes -not cost-effectiveness -were commented on in nearly half of evaluations (45 per cent, 23/51), but were too heterogeneous for analysis. 
Summary of evidence
Summaries of findings and assessment of evidence are presented in table 1 and  table 2 . overall, the quality of evidence is low; this was attributed to weak study designs that lacked control groups and had high likelihood of spillover effects.
As can be seen in Figure 3 , well disinfection, source-based treatment, and HWt had more evaluations, better evidence, and were assessed more quantitatively. Hygiene, sanitation, and WASH package interventions were assessed with lower quality and more qualitative studies. no intervention had high quality of evidence. While most of these evaluations were poor quality with high bias, the strength of evidence comes from the consistency of reported outcomes and impacts.
through this review, we identified breakages along the causal chain in each of the WASH interventions. All interventions evaluated could be 'efficacious', with documented potential to have positive impact on WASH conditions; however, it is noted that the efficacy of household spraying is unclear. Well and jerrican disinfection were evaluated without beneficiary involvement, thus the 'effectiveness' -how well the intervention worked in the context -depended on how the intervention was carried out by the responding agency in the particular context. the effectiveness of the remaining interventions was influenced by beneficiary factors such as taste/ smell and their knowledge of correct use.
Discussion
We collected and assessed the stated evidence of WASH interventions in specific disease outbreaks investigating four objectives: health impacts, project designs, costeffectiveness, and population barriers and facilitators.
Objective #1: Health impacts of WASH interventions in disease outbreaks
WASH interventions that evaluated health impact through a measured change in diarrhoeal disease rates were rarely conducted in outbreaks, as only six health impact evaluations were identified in the review. Five were with less commonly implemented HWt interventions -one with Pur (doocy and burnham, 2006) , two with simple filters (colwell et al., 2003; Huq et al., 2010) , one with SodiS (conroy et al., 2001) , and two with safe storage (roberts et al., 2001; doocy and burnham, 2006) . All five studies reduced diarrhoeal disease rates. in the sixth evaluation, a long-running cLtS intervention implemented before and during the ebola outbreak had a large and significant reduction in diarrhoeal disease risk (Meyer capps and njiru, 2015) . More common than diarrhoeal disease reduction evaluations, interventions that evaluated the risk of diarrhoeal disease transmission included: well disinfection (rowe et al., 1998; Libessart and Hammache, 2000; Garandeau et al., 2006; Guevart et al., 2008; cavallaro et al., 2011) , chlorine dispensers (Yates et al., 2015b) , and HWt ((liquid chlorine (Mong et al., 2001 (Mong et al., , dunston et al., 2001 Lantagne and clasen, 2012; AcF, 2014b) , chlorine tablets (imanishi et al., 2014; Lantagne and clasen, 2012; AcF, 2009; tokplo, 2015; AcF, 2014a) , and flocculant-disinfectants (doocy and burnham, 2006; Lantagne and clasen, 2012; AcF, 2014a) ). environmental hygiene interventions using chlorine to clean jerricans also reduced short-term transmission risk (Steele et al., 2008; Walden et al., 2005; roberts et al., 2001) .
WASH interventions consistently reduced both the risk of diarrhoeal disease and the risk of transmission in outbreak contexts; however, programme design and beneficiary preferences were important considerations to ensure WASH interventions reached their potential.
Objective #2: Important WASH programme design and implementation characteristics
Four programme design and implementation characteristics were consistently reported as positive programme characteristics identified through a mixture of research designs and across risk of bias assessments, including simple interventions that were appropriately timed, community-driven, and had linkages between relief and development. Some of the most basic interventions, such as simple cloth filters, nylon screen, safe storage with a jerrican or bucket, or hygiene kit provision, had a clear positive impact (roberts et al., 2001; colwell et al., 2003; Huq et al., 2010; Gartley et al., 2013) . these interventions required little to no promotion and led to incremental improvements that reduced the risk of diarrhoeal disease. Prepositioned stock, quick release of funds, and early triggers for rapid scale up were important factors of a positive response, particularly with hygiene kit and HWt interventions (Simpson et al., 2009; deGabriele and Musa, 2009; neseni and Guzha, 2009; ruiz-roman, 2009; Lantagne and clasen, 2012) . engagement in the community empowers and builds trust, and community-driven interventions can increase awareness, trigger behaviour change, and identify local solutions (Waterkeyn et al., 2005; neseni and Guzha, 2009; rees-Gildea, 2013; Meyer capps and njiru, 2015; AcF, 2015; Wall and chéry, 2011) . Linking with pre-existing programming builds upon recipient population familiarity, and having a sustainability plan encourages better cultural understanding and improves emergency response programmes (Meyer capps and njiru, 2015; dunston et al., 2001; tokplo, 2015; imanishi et al., 2014; Lantagne and clasen, 2012; WHo, no date) .
Objective #3: Cost-effectiveness of WASH interventions in emergency outbreak situations
cost-effectiveness of WASH interventions in outbreaks could not be assessed as there were only minimal, and disparate, economic outcomes in the evaluations identified in the review. there were no consistent reporting measures, despite cost or economic considerations from nearly half of the included studies. While interventions should not be solely compared by cost-effectiveness, some effort acknowledging the need for efficiency of funds should be considered.
Objective #4: Population-related barriers and facilitators that affect WASH interventions in disease outbreaks
in the review, four community perceptions and preferences that consistently affected the success of WASH outbreak interventions were identified across the mixture of evaluation methods and risk of bias assessments. taste and smell of HWt products may hinder use (e.g. chlorine treatments can have an off-putting smell or taste) (AcF, 2009; Lantagne and clasen, 2012; imanishi et al., 2014; ruiz-roman, 2009) or facilitate use (e.g. filters and flocculant disinfectants improved taste) (doocy and burnham, 2006; colwell et al., 2003; Huq et al., 2010) . radio and face-to-face communication were consistently reported as 'most trusted' or 'most valued' for hygiene communication (einarsdbttir et al., 2001; date et al., 2013; WHo, no date; contzen and Mosler, 2013; Matemo, 2014; Williams et al., 2015; Wall and chéry, 2011) . community understanding of some interventions overestimated the effectiveness and risk reduction (i.e. household spraying and well disinfection) (Grayel, 2011; rowe et al., 1998) . Social mobilization and open communication between the community and nGos built trust and greater community cohesion (Wall and chéry, 2011; Waterkeyn et al., 2005; AcF, 2015) .
Previous systematic review efforts reported only on health impacts (ramesh et al., 2015) , have been limited by the narrower scope (taylor et al., 2015; ramesh et al., 2015) and therefore few of the lessons learned were reported. the wide
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Waterlines Vol. 37 No. 1 scope of this review permitted a greater quantity of lower quality, less technical studies with a similarly large variety of outcomes than is traditional for systematic reviews. this undermined the potential for detailed analysis at the intervention level, but enabled broader lessons to be learned that were applicable to the global emergency WASH community. Also, the inclusion of grey literature allowed more additional intervention barriers and facilitators that were not described in other reviews. in conducting the review, it was more difficult than expected to assess: whether the WASH intervention was in the same geographic location as the outbreak; compare interventions conducted at different times in the outbreak; clearly suggest impact without suitable control groups to compare; and search and extract information from grey literature. despite these limitations, the strength of this review is in its broad inclusion criteria and assessment of intermediary outcomes and final impacts, which led to a comprehensive review of available evidence that is policyrelevant and actionable.
Gaps it is clear from the results of the review that some of the most commonly implemented WASH interventions in outbreaks are severely under-researched. We need additional research for: well rehabilitation, water trucking, bucket chlorination, household spraying, handwashing, latrine building, environmental clean-up, and formal economic analysis. Additionally, there was a disparity between what was researched and published in the literature and what was implemented by responders and written up as grey literature: water treatment interventions were most commonly researched and published by academics, while combined WASH package interventions were commonly implemented and reported for a narrow audience by responders.
Limitations
there were several limitations to this research. Most organizations that submitted documents to the review provided only a select handful of reports, and it is likely that the provided reports were limited to those with favourable outcomes or innovative approaches. Self-reported data (such as diarrhoeal disease incidence or use of HWt products) was subject to both recall and courtesy bias, which would likely over-estimate positive outcomes. Fcr, diarrhoea incidence, and Escherichia coli microbiological results are proxies for the outcomes and impacts of disease outbreaks. outcomes were reported inconsistently. For example, confirmed use of an HWt intervention was the clearest outcome measured (using Fcr); however, reporting thresholds varied by: 'detectable', >0.0 mg/L, >0.1 mg/L, ≥0.2 mg/L, and ≥0.5 mg/L, which precluded comparative analysis. Furthermore, database searching was completed primarily in english; keywords searched may not have captured all relevant studies with variations of intervention names or names in local languages. there was difficulty in securing non-published studies from known responding agencies, likely influencing the results. And lastly, only WASH interventions implemented in outbreak settings were included, likely excluding interventions derived from other sectors or development approaches.
Recommendations
to improve the evidence on WASH interventions in emergencies, clear reporting with consistent evaluation methods and common and robust methods is needed. Well-designed non-experimental and qualitative studies can be used to increase the evidence base and should include indicators beyond diarrhoeal rates. consistent and thorough cost-effective evaluations of WASH interventions are also needed. Additionally, evaluations should be conducted at the beneficiary level, to better understand impact on the household rather than presume impact through community coverage. Publishing results, while not necessary, does offer transparency and an additional sharing platform for the humanitarian community.
Conclusion
A systematic review process was used to identify more than 15,000 documents; ultimately, 51 evaluations of WASH interventions in outbreaks were included in the review. Across the wide breadth of scope of this review, we found that WASH interventions consistently reduced both the risk of diarrhoeal disease and the risk of transmission in outbreak contexts; however, program design and beneficiary preferences were important considerations to ensure that full WASH intervention effectiveness could be reached. Some of the most commonly implemented WASH interventions in outbreaks were found to be severely under-researched, such as the impact of hygiene promotion, distribution of hygiene kits, or bucket chlorination. Further research investigating outcomes and impacts of specific interventions is recommended since diarrhoeal disease impact is just one of many outcomes relevant to WASH interventions. it is also recommended that responders implement efficacious, simple interventions that are appropriately timed, community driven, and have linkages between relief and development. considering the large funding gaps, defining cost-effective expectations relative to the scale and timing of the outbreaks is needed. Finally, responders should work in collaboration with the recipient communities to address barriers and facilitators to use while acknowledging the differences in community perception and local knowledge.
